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MICROSCOPIC DEMONSTRATION OF COCCI IN THE 

CENTRAL NERVOUS SYSTEM IN EPIDEMIC 

POLIOMYELITIS 

Ludvig Hektoen, George Mathers, and Leila Jackson 
From the Memorial Institute for Infectious Diseases, Chicago 

After reviewing recent observations on a coccus found in the cen- 
tral nervous system in epidemic poliomyelitis, 1 one of us wrote as 
follows 2 : 

"To conclude — the exact significance of this coccus in epidemic 
poliomyelitis cannot be determined now. The number of cases studied 
for its presence is too small to permit the conclusion that it occurs con- 
stantly in the disease or any form of the disease ; in the few instances 
in which injections of culture have resulted in a condition indistin- 
guishable from what is accepted as poliomyelitis in the monkey, the pos- 
sibility that another and more important microbe may have been 
present cannot be excluded; the true poliomyelitic nature of the very 
interesting lesion caused by the coccus in rabbits has not been confirmed 
by proper tests on monkeys ; and we lack also the results of extended 
immunization experiments. In any event a most interesting coccus 
has been found that merits study for its own sake as well as on 
account of the close relation its brief history bears to poliomyelitis." 

In order to determine so far as possible whether coccal forms 
are demonstrable microscopically in the central nervous system in 
poliomyelitis as it occurs in different places, we obtained from 
various sources fixed poliomyelitic material, mostly pieces of spinal 
cord, which we have studied, and we now wish to make a brief report 
of the results. 

On account of the variation in the time after death when the 
tissues had been fixed as well as on account of the different fixatives 
employed, uniform results have not been obtained with all the 
methods of staining that were used. For demonstration of cocci 
the gram stain was the most satisfactory, but methylene blue and 

Received for publication September 10, 1917. 

1 Mathers: Jour. Am. Med. Assn., 1916, 67, p. 1019; Jour. Infec. Dis., 1917, 20, p. 113. 
Rosenow, Towne and Wheeler: Jour. Am. Med. Assn., 1916, 67, p. 1202. Nuzum and 
Herzog: Ibid., p. 1205; Nuzum, ibid., p. 1437. 

2 Hektoen: Recent Investigations on the Bacteriology of Acute Poliomyeltis, Boston 
Med. and Surg. Jour., 1917, 176, p. 687. 



as 

So 

fe 03 

. a* 

wg 

.o 



.p. 

4-i CO 

•d O 



c c 



o.S 



> .2 > .2 

a o do 
p a pa 



o.9 






§ .2 £3 J2§ +2§+2 

" J-,^ ^^ M^ *H 



>.2 >.2 a ^ 

aoaog'5 
p op a£^ 
^ tf n v 

O) 03-2 

o fto 



3 >>a >> 
35 95 



>> d >> a >> 



o S a 

o.S ~ 



■§i 

« o 

to 

a 

ro d 

" d 






W S W^ 



o +_> o + 

co q 
a c 



'«* 



,s«< 



^5 a 



03^ OS' 



O £ 



» S* o 57 o 



^ M W 

OS'S o 

,ft0PH 
iq!h 



JS2»S 






.d -d - 
!0.d0.d! 

A ft 



*£>;& 



■IS T* 



O O Q 

d d d 
o o o 

4-> -M 4-J 

co co co 

gpgpgpg 

PQ oW ofl oW 

'-J 03 " 03 »-j 03 »-; 

5a5a5s5 
a .a .a .a 

W -K -W -E 
Ph fc fr 






a « 

d o 



dJ bo 
6.S 

CO 



G bo 



•- ai O 

53 _- CO r/T 

-d d £ 

« -~ & •= 

-e-S » s 

o-S « 

fl.2 ~ d 

*C > S 

d ~ 

03 TD 

.d .* .2 S 

03 d! *o3 bo a 

ac3 ad 

.,-,►>, . .« c .« > 

«J t? bo w 2 ^ *- 

£ 5 r 2 S £ * 



T3 

_d 



s ph o d a fr o 

CO O OQ O 



M ,-1 <u a 

; i 5 5 a 

£ ^3 o 5 to 

-o a .d 

03 j>> 03 03 j3 i—i 

'C bo'S "C _ a*es 

03 fl <U QJ ^d q 

03 03 

"p r d' Q -° '3 bo '3^3 



O 03 C 

Q 525 



125 O O 



PQ 
< 



-d 
Q 



£S 



.2 a 



03 g 



O "43 

bn^d 

os ^ ta 



^«o 

r^S bO 

>-.cc d 



d'd dT3 bjo 
o d o d d 
'rd ss '£ 53 *53 

d^ Sh <M 



O * o£ 

S 5h 03 O^h 

C a> > ^d 5 



« - ^ d 

„ •« w bX) ^ 

d gr^ eg ^ 

d 3 d-d 03 
o d d o-3 

bo^££ 



co w co 

bOTJ Mtj 

03 p 03 O 
rd O-d « 

d M -2 v - 

gOyfl 



a 
d£ 



1=2 1 

sla§ 



2 .2 



03 4-> 

o'Sd 

«.3 



r£ >> •+-> 



-2 « + 



3 Ss 



5»^ 



a 5 



c« 
O o 

aa 



-d 03 „d S' 
d°.S^" 

gT3 Q<03 

O QJ CO ^ ^ 



5«hO 

a^o 

o 3 M 

2 * $> 

^§C3 

Qi -> Zi 

bfl 

d d £? — 

03 • 9 ^'H 

^ s^-S o 



s So 



r-3 0> 

1 ^ w 03 2 






< >h a 03 o 



S « g, fn 

<3J o >, o 

^° d « 

a«« o«m 

5 o ok o 

o © Q. o 

o. o •■*• O 
d o d 

.j 03 a 03 
!_S co a> co 

;|g«g 



&■£ a 
.2^0 

4JOS 

03 ^ O 
£ <a ft 

So _ 



q_,-d to 
°gS 

S d 

en d 03 
bo d <y 



05 >> 

.2 ftq 



OT J3 c 3 

O 42 "d 53 w 

5q O <1 






g ^ 



3 02 



o o 
-o-d 
<5 



03^ 03 £ 03 ■£ 0+3 M 
'd 03 'd 03^ 03^ 03 d 

CD CD CD O 03 <J 

CO 03 CO ^CO^Q-dc^ 



Jz;c3^ ^c3^ Ph 



a 03 



03 

Ph 



03 03 

Ph Ph 



CO CO CO 

*co co "co 



co co 
'55 "co 



.2 

'55 



>» >. 



O3O30303o3o3o3o3o3 

PhPhPhPhPhPhPhPhPh 



3 S 
ft 



m S P ^ O 

g%Ofl 

^^as^ 
53 +■» ^. 



73 73 

r-» O 



^ 
^ 



°* 2 !i o 

a a * s 

?5 <M <M 

t- t -1 CO r-t 



Q O O 
d a a 



o o o o c 

d d d d d 



pqgpqg«g Mgttg wg«g pqgMgmgeqgmg 



>> o **> o **> o 

5 S S 
mgrigrig 

r r r 






R^R 



r- i^r—iyi— i^r— i U r— iy 

~ co ~ co ~ co .•• co . •- co 

gpqgpqgpqgpqgpq 

Cgr-H c3r—j Cjr-J 03 ""2 C3 <~* 
m 03 g 03 g 03 g 03 g 03 

Pf p, d< ft ft ft ft 
fflgttg WgffigWgpqgWg 

. ^ . {ij . M .p - JTj 
R R R R R 






S-2^ 



d d 
d d 

<v a> 
R R 

oSo 
. ft . 

► w > 

"S'gfl 
P~P 



R R 



• > • 



d d 

R R 

,2 «H .S «M .S 

SoSoS 
ft . a . o, 

^ >• QJ > QJ 

o *p "o *d 'd 

sPaPa 
2 .2 -2 
r £r &r 






R W R 



>> co >,co 



> • > k: 03 ^ o3 k 



co • co - CO 



* B d W 



.£? r " to co 

Ir- W W 

^ P R 

. a 03 J5> os fc> 
Pa ^^ >»^ 

-.G co O co O 

&SSH2IH 
^ «S <u 

o w a ft g a 



ft ft 



2i> '~oo 



>> a 



'o t» 



R CO 



PR 



a a 



rd « H 



^rH J 



Q O ' 



or a 

O 02 



«2 



03 &J0 03 

asa 



p a 



fcfl O ,q 

03 .B o 

P ft £ 



espe- 

peri- 
ssels 




p CO toll 


<u 




CO 03 


Itration, 
of cord 
Diffuse 
marked 

tlly of v 


c 


>>d 

M 03 ^ 

S ^2 

03 g 
d » 


c: 


wT~d 



2 Cm . 

3 .a ?~ 

8 S-d 

I 1=1 

3 W a> CO 

P 03 O 

a S os +» © 



03 v <R 



ft - 

O O) w 
°2$d 

ft^cq 03 

^^ CO 






P °3 03 43 

5h« d 



>«d o 



<u 



bo tm 



J ftpS 
S R 02 



•S^p^^d 
q o 3 d G 

IS 5 oj o 

£ >=g 



° "S-d 

■n <U S* tl 

qj CO CJ O ^ 

J* * d t* o 

""»d^ 



^ 



t3 03 

dp 

03 M 



^ d 

S.2«H 



d 

a^.2 

CD S-h -*-* 

MO 03 

© «HCE2 

op 

-o — 

§ §p? 

0J co cj 
^ft 

g^d 

§d2 
- 9-2 ft 

S?5 



o 

a 



.So 
S| 

o a 

2d g 

a 

o> a; p - 
gJbfl p a 

iS d c 

O o 



VnVX 



d fn 2 

<u ^^ a 

d >>cj -o 



O ® 



^S 



fcJO 



+- 1 o 



s p 

p-g « 



^4^3 



.2 § 



p ^ 



g^ ^-^ s 



p d°<«* 
ni o <v p e 

g ft-g pg-s cs 

n >>03 M oj 03 f 



O-O oi 

« d „ g n3 

•m K <« O03 g 

1 5 sills 

03 O 03 ^ "^ 
S ° ^ S O d 

§ a 2 d 2 s t» 

►*/I3 w -d O &X) 
^tg 03 oj fcuO'n p 

3 biS-CjH O a;p 



ftp 

"•§ 8 

fl S d 

o 5 

"42 ri «o 

5i 



a o t 

cop 

P co<+ 



fi-o d 

|8 S 



d m'43 



2P^ 



S cp *s 



Si, J-? 5 ° <" S 



a co 
co ^ co - 

W 03 >> « 
QJ >P5 ^ 

.5 ai a 03 
R 



3 ^P 
03 gc3 O 



^ a 

CO J§ 



# 



H +J « +J — ■ M , 



da>da>da>da) 

CO CD CO CO 

o o o o 

» tfi tO 05 











































•a 


CO 


CO 


co 


CO 




CO 










CO 




CO 


CO 








CO 


CO 




3^1 




















































co 


CO 










CO 


CO 


co 


co 


CO 


co 


co 


CO 




>. 


>> 


>» 


>» 


>> 


>J 


^ 


>. 


>> 


>, 


>> 


>. 


>> 


>> 


>» 


^? 


>. 


^ 


>> 


% 


i5g»S 



R R 



Ph r r r r 



R R R R 



Oh PL, ^5,5 



^ ^J 



s ^ 






So So 



W H PI 
.5 -m .5 £.5 -m 

cjO fflO ojO 

>>M >>M >>M 
42 5hX2 M42 Jh 
m O m Otfi O 

„ 03 » 03 „ 0» 
ESI N N 



W W W s a a a 



+J 4-> 



.5 -£ .5 4? .! 

"E :rr "C ^ "i-t ^ *w * 






>.5>,flj)p«)p< 



<Oh9h 



^4* >>4* 
-QJJ^SH 
02 O t» O 

2*2* 

* a; ► 05 

.2fc.2fc 

W £ M .-£ 



>>4* 
02 O 
2* 
^£ 

.2fc 



>>^ >»^ >>4* 

42 Pi 42 £42 fH q 
02 O GO O CQ O Z, 

2*2*2*3 
****** 






•Ei 



§1 






> +s +s 
! {« M 02 m 

laflojfl 

< M2hH WH 

03 03 

CJi— I Ofr- 1 

OQ e3 W 03 

o o 

02 g 02 g 

2 © 2 a> 

g^-2^ 

« o 

u C a) P a> 



02 * do 

0) G 05 
CO I— I 02 



as fl od 
Oy O 



■gA 
g§ 



«£ 02 «S 02^ 



3 a°a a a a s a° ^ 



■£>» 



H O 



O 03 03 

° a s 



42 



•S .3 r* 



o o 



o o o o o 



o o o o 



i 

ffl 



PQ 



45 

o 



« 03 



43 >» 

.-o 



o 



a? p 



s» .2 






03 Pi 


* fl 


f_ « O 


£n3 



03 •S'S 
M 00 

I "I 



«,9 

03^3 

£1 03 



03^ 
> O 

* a 



T3 



05 ft« 



Jz; W 



S n 


S o'p. 


ca JS 


« K 


o ^ 


.So 4 " 




02 


-O T3 


-C a) 0) 




05 « &fl 


^M^ 


^ fl 






03 O 03 




2"£ 


^ M o 



* s 

02 rj 

03 m fl 
£0« 



G 03 r-jfO 
H j^ ^h 03 05 

td ti o p* ™ 



Q5 >j 

cR too 



2|'gS , 2 

03 43 H 



H 03 



(« ww . ~ *d fen 

•« Pi f-i fl 03 rt 

Org^ 03-2 08 

s o p s c3 -q 



S o 



03 



? a^ o3 
I -a 









O CO -* (M 

CO iH iH r-i 



•& 43 -P 
lO ^ C<J 



>>03 



PM PM 



^ 02 9 *> M ^^ m 

^W'SoS «5c3 05/ M o3 




t3 'O T3 'O 

irt O OJ » 



^ 



1 i. 



a^ 



Cocci in Nervous System in Poliomyelitis 93 

eosin and polychrome methylene blue and eosin also proved useful. 
The pieces were embedded in paraffin; the sections were from 5-10 
microns thick. 

In all, material from 57 cases has been studied (Table 1). Except 
in a few instances changes characteristic of epidemic poliomyelitis 
were present, most markedly in the gray matter, particularly the 
anterior horns, and in some cases, but to a much less extent, also in 
the membranes. The changes were hemorrhages, edema, and cellular 
infiltration, especially about the blood vessels ; in most cases the peri- 
vascular infiltration was marked, and often associated with more 
diffuse infiltrations in the gray matter as well as dense focal accumu- 
lations of cells. Typical neurophagocytosis and extensive destruction 
of ganglion cells were present, but not in all the specimens; in a few 
cases the ganglion cells appeared to have been singled out for attack. 

Definite coccal forms were found rather easily in sections show- 
ing typical poliomyelitic changes (Table 1 and Plates 1-3). They were 
single, oftener in pairs, occasionally in small clumps, usually outside 
but also within cells. They were located in the gray matter, in the 
walls of the blood vessels, in perivascular and other infiltrates, and 
in hemorrhagic areas ; they were found also in meningeal infiltra- 
tions. These cocci correspond in general, so far as shape and size 
and staining by Gram's method are concerned, with the cocci 
recently isolated in cultures of the central nervous system in epidemic 
poliomyelitis. This statement is particularly applicable to Cases 48 
to 56, Table 1, in which pure cultures of the coccus in mind were 
obtained by Mathers 1 from the brain and cord. The cocci in the 
sections may vary in size, and larger and smaller forms may occur 
together. We did not find any other microbic forms than those 
described, and we found no such forms at all in tissues which did 
not show any changes. 

SUMMARY 

The cord and other parts of the central nervous system of about 
50 instances of epidemic poliomyelitis, occurring in different parts 
of the country, have been found to contain in stained sections, cocci 
which look quite like the cocci that may be grown in cultures from 
the brain and cord in poliomyelitis. This result indicates that such 
cocci occur constantly in the central nervous system in epidemic 
poliomyelitis, and that their presence here is not explainable as due 
to accident or contamination. 



94 Ludvig Hektoen, George Mathers, Leila Jackson 



Plates 1, 2, 3 

Magnification 1000 X- For details of the cases see Table 1. 

Fig. 1. — Case 1. Fig. 9. — Case 22. 

Fig. 2.-Case 4. Fig i ._Case 27. 

Fig. 3.— Case 5. r . 1t r , n 

Fig. 11. — Case 30. 

Fig. 4. — Case 9. 

^. , ^ Fig. 12.— Case 34. 

Fig. 5. — Case 11. 

Fig. 6.-Case 16. Fig ' ".-Case 36. 

Fig. 7.— Case 18. Fig. 14.— Case 51. 

Fig. 8.— Case 20. Fig. 15.— Case 57. 
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